Summary
The major obstacle to the study of functional/structural inte.rrelationships of spinach chloroplasts by using spin labels has been the rapid loss 6f the epr signals upon illumination with visible light.
The present study demonstrates that the addition of ferredoxin and NADP+ in the presence of tricine buffer at pH 7.1 or higher mitigates.
the rapid loss of Biradical X (N,N'-Bis(l-oxyl-2,2,5,5-tetramethylpyrroline-3-carboxy)-1,2-diaminoethane) and Monoradical A (2,2,5,5-tetramethyl-3-carbami dopyrro 1 i ne-1-oxyl). However, the 5-l i ne epr spectrum characteristic of Biradical X in aqueous solution was changed to a dominantly 3-line spectrum within a few minutes after illumination in the presence of ferredoxin and NADP+. Analysis of the double integration of the first derivative epr spectrum revealed no decrease in Biradical X concentration for more than 30 minutes of illumination. Our data suggest that Biradical X attaches to some soluble macromolecule(s) and that illumination of chloroplasts promotes such an attachment • .
-2-Introduction Light-scattering and electron micrographic techniques have demonstrated that gross structural changes are associated with functional changes occurring in the chloroplasts. 1 -4 These changes would be better understood at the supramolecular level if a spin label~ a probe useful in elucidating the structure of biological membranes, were used. However, only a few reports 5 -8 on its application to chloroplasts have appeared since it was introduced more than a decade ago. Weaver and Chon 5 first reported their spin label study in Chlamydomonas and found that the electron paramagnetic resonance (epr} signal of Monoradical A was rapidly decreased during irradiation with visible light, suggesting that Monoradical A was reduced at a specific site in Chlamydomonas. Corker~ et ~. 6 , using di-tertiary;butyl nitroxide as a spin label to study spinach chloroplast function, also found the epr signal lost completely within 2 minutes after illumination. Tzapin et !.1_. 7 , using 2,2,6,6-tetramethyl-4-carpiloiloxypiperidine-1-oxyl, had to first fix chloroplasts with glutaraldehyde in different 'conformational states and then apply the spin label in the dark. Torres-Perreira et ~. 8 , applied several different spin labels to chloroplasts, and while they were able to find some change in the line shape of the epr spectrum of 2,2,-dimethyl-5,5-dipentyl-N-oxyloxazolidine during illumination, this change was accoml?anied by 30% loss of the epr signal within 10 mfnutes. This photoreduction . of free radicals by chloroplasts during illumination has been an obstacle to the use of spin labels in studying chloroplast function.
+ '
In the present study ferredoxin and NADP were used because, as physiological electron acceptors in chloroplasts, they not only compete favorably· with other·acceptor!; for· electrons, but also provide a very active photosynthetic electron transport reaction. 9 For this reason~ they not only protP.ct
spin labels but assure that the work is being done with active photosynthetic systems.
Results
Spinach (~inaci! oleracea var. early hybrid No. 7) was planted in ~·· a growth chamber and chloroplasts were isolated-as previously reported. 9
In very dim green light, chloroplasts were added to the reaction mixture (described in Fig. 1 ), mixed in a test tube for 5 sec, then introduced into a flat quartz epr sample tube. The sample tube was placed in the epr cavity of a Varian E-3 epr spectrometer, the cavity being kept completely in the dark. Even a brief exposure of the reaction mixture to light after the chloroplasts were added ~auld cause the Biradical X t9 lose its characteristic 5-line spectrum. The sample ~as illuminated by an American Optical microscope lamp and a Cornin~ IR filter I-60 place-d in front of the epr sample cavity.
·~
The typical 5-line epr spectrum of Biradical X is shown in Fig. 1 .
In the dark, the 5.:.1ine spectrum is simUar to the,A type epr spectrum described previously; 11 i.e., biradicals undergo rapid and unhindered tumbling and bending through conformations, many of which are favorable to spin exchange. After i 11 umi nati ng for 2-6 min, peaks 1 ,3, and 5 of the produced by illumination is 0.2 and this would be equivalent to 60%
of Biradicals X being in conformations in which spin exchange is unfavorab·le using the aqueous Monoradical A-Biradical X mixture as calibration.
Our data could not distinguish whether Biradical X lost 60% of its spinexchangeability or 60% of Biradicals X lost their spin exchange completely.
When the same experiment, described in Fig. 1 , was performed without adding chloroplasts, ho change .. iR. the epr spectrum of Bi.radical X could be observed. Whe'1 chloroplasts were first added to the reaction mixture in the dark and then removed by centrifugation at 1,000 g for 10 min, the B1radicals X remain in the supernatant. Illumination of the supernatant .
•. produced no change in the epr spectrum. Thus both chloroplasts and light are essential for inducing the change from a 5-line to a 3-line epr spectrum of Biradical X. To determine whether stable chemical products from photosynthesis will induce the change in epr spectrum of Biradical X in the dark, immediately (< 30 sec) after a reactfon mixture (without Biradical X) had been illuminated for 20 min, we added Biradical X to this reaction A second possibil~ty is that half of the Biradical X became reduced.
In this case, however, the total intensity of absorption of the epr spectrum should have decreased. Because the double integration of the first derivative epr spectra remained unchanged for more than 30 min of illumination as shown in Fig. 1 , the reduction of half of Biradical X should be negligible.
if there is any, especially when it is compared with the change fro~ 5-line to 3-line spectrum which could be accomplished within a few minutes. When . sodium dithionite was added to the reaction mixture we found that the · 5-line epr spectrum of Biradical X decreases its intensity evenly at all ' 5 peaks. N-o ct 1nge from 5-1 i ne to 3-1 i ne spectrum was observed. The reduction of half of Biradical X chemically is thus unlikely.
The third type of change could be that the covalent bonds between thP. two nitroxides were broken in the presence of light and chloroplasts.
Again this process should be a coritinuous reaction. The rapid change of H 2 tH 1 ratio to its minimum and the ~eturn fro~ 3-line to 5-line spectrum in the presence or in the absence of chloroplasts does not favor this type of change.
When Monoradical ·A was used inst~ad of Biradical X, no drastic change in the shape of the epr spectrum was observed, although the ratio of the This suggests that the binding is not very strong.
Under similar conditions we also found that Monoradical A remained in the supernatant, w~ich differs from an earlier report 5 in which Monoradical A was reported to be attached to a specific site in Chlamydomonas.
Our data suggest that (1} at a pH higher than 7. The reaction conditions are the same as in Fig. 1 , except that (e) ---r, ---/~. pH 6. 3.
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